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ABSTRACT 
We developed a cloud profiling ra必rtransmitting企e.quency-m叫郎edco：畑町ouswaveσM-CW)
at 95 GHz for ground・bぉedobs町胡ons. Millimet釘waveat 95 GHz is山edtor，切lizehigh sensitivity 
to small cloud戸rticles. An FM-CW type radar would realize剖milar悶 1Siti吋tywith much small町
outputpow1ぽぬapulse守pem必r. Two Im-diameter par油olic細則錨抑制edby 1.4m回cho出町
areu鈎dfor tI溜lSmi枕ing創Kireceiving the wave. 百1edirection of the antennas is fixed a血ezenith. 
The radar is designedぬobsぽveclouds between 0.3 and 15 km in height wi由aresolution of 15 m. 
Using the facility, t郎tobsぽvationsand long加mcampaign obs回・vationshave been done. Results of 
observations show that出esystem is s側諸ive卸叫羽hieenough to obsぽvevariO¥路clouds.
Keywords: Cloud Profiling Radar, Millimetぽ WaveRadar, FM・CWRadar, Cloud Properties, 
ActiveMea釦rementsof Clouds 
1. 別TRODUCTION
It is getting more import副ぬknowthe global environrn匂1tand也eglob叫changeof climate for the加man
beings. It is n民国鈎1γtoknow balance of sol紅 m佐野 comingぬ theEarth and cycle of wat，町長）f由e
comprehension and to鈎Ive鈎vereprob加1Ssuch節也eg飽nho凶ew出ming，出e命向島由eozone holes and so 
on One of the most si伊ificantfeatures to b回W 血m is cloud, which reflects andめω伽 incomingsolar 
radiatiot王国ps出eradi矧.onfrom the ground,貧富lSおち血eenergy in it, and radiates社OU岱ide. Information on 
3-dimensional ~抱uctur白 of clouds, sizes and di紺ibutionof cloud p訓 cles,d叩endenceon size of optical 
chari釦teristicsof cloud particles, motions of par世clesin clouds, and so on訂eal desirableぬ鈎lverole of 
clouds. 
Ch紅acteristicsof clouds de悶 ibedabove, howev町，havenot been well known yet be回凶eofl低kof enough 
observational dataぬ伊国側confide批ialresults. Observ就ionsof clouds w註hradars would be mo銭powerful
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me出odto derive出e泊fonnationbecau鉛 offollowing advan凶ges: a) radio wav邸 donot sufi町合omh回w
extinction such as visible light, and cons句uentlycan investigate interior of clouds, b）血emぬrt民凶que,which 
is an active sensing method, h儲 g側 adva此ageof investigating interior鈎uct附 sof clouds to passive methods 
such as to凶 powぽ obsぽvationsof irradiance of clouds, c) Doppl釘 m開制rementsof clouds which have low 
velocities around 10 m/sec is applicable only to radio企equencywaves. 
Conventional rad紅Soperated at 5GHz can det邸tpr1民ipitationparticles but are not able めdetectparticles in 
clouds because their 由民lesthan a few旬mmiαons.，釘emuch smaller白瓜也ewavelengths and,血ぽ・efor(;their 
m邸 sectionsare qu社esmal. The cross sections of particles inぽ飽serapidly wi出合・equen句， in Rayleigh 
SC減：eringr噂on. Rader obs町vationsof cloud particles抵millimeterwav民 whichhave been陀alizedr蹴 ntly,
have much more 抑制ve[l]. Se、明ヨigroups have m抑制thedevelopment and preliminary observa首.onalre釧 s
that demons岡崎powerfulpe巾rrnancesto investigate cloud particl邸［2],[3],[4].
We have d凶ignedand developed a cloud profiling radar at 94GHz. 百1epurpos偲 ofthe development of the 
mιCWra血rare a) evaluation and v，泊五cationof an FM印CWra必rat95 GHz in Japan compru泊gぬapulse m伽，
b) ob旬血ingmillimetぽ waveFM-CW radar techniques and algorism of d御 reduction,and c) con凶butionto 
scientific m伺rchon cloud physics. In this paper, we pres倒 firstobservational results with the newly developed 
cloud profiling FM-CW radar鎚 well槌 designconcep臼andspecifications of the raぬr.
2. DESIGN CONCEPTS AND CONSTRUCTION 
Whole view of the developed radar is shown in Fig. I [5]. Diametぽ of回chantenna is lm. 
Fig.I.百1e也vel1叩edclo叫profilingFM－＜ごWra也rat9絹 Hz.
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2.lFM・CWradar 
We adopt a丘equency-modulatedcontinuous waveσM・CW)radarm血町出ana仰lseradar because出efonnぽ
回nachieve more sensitive syst田n出初出.elぽterif comparing with路mein銑antaneousoutput pow1町 of
u出lSmi枕edmillimet町 wave. 百1eprinciple of an FM-CW rad紅 isshown in Fig.2. 百時 signalfrequency is 
modt胸 edin the range of Jo+/-F. Transmi制噂凶企omone of the an闘masis reflec旬dby cloud p副 d民
間知m民andis received by the o出町町並ennawith a delay time of t relぽiveto出eori伊ial回nsmi枕edsi伊al.
Mixing出.etransmi制制問ivedfrequencies, beat企叩enciesfi are observed泊白es抑制whichare caused 
by ensemble of clouds particles: 
fi = 4Frl(cら） (1), 
where r is血eheiゆtof the cloud民 Tmis the modulation interval, and c isthe liゆtveloci停 Whenthe 
objects move in the line of si悦 the企叩.enciesof reflectedゆ alsC加 geby/d : 
/d ＝・2（んIc) ( dr I dt) (2). 
Frequency 
fo-F 
t : Delay time Time 
fo: Center f閥均ency
Tm：制。dulationinterval 
F : Freqe町cym。dulation
fb : Beat frequency 
fd : Doppler frequency 
Fig.2. Principle of飢 FM－＜ごWradar.
・215-
Paraaeters 
f O= 94. 78 GHz 
F ＝土10蜘z
,. = 1・SIC
Pt = +27 dll 
Noise Fl1ur1 。fRec・iver5 dB 
2.2D邸i伊 conceptand E判凶陀ment
Be白山eone of the p田posesof the facility is 
evaluation and verification of an FM-CW radar at 
94 GHz, we design社tobe a simple sy悦 msoasto
develop with commぽαallyavailable compone凶s
and to make maintenance and upgrade by oぽ田：lves.
We designed由.efacili句rto observe clouds 
betw伐:n0.3 and 15 km in height with a re剣山on
of 15 m. The velocities m伺釦red部 Dopplershift 
should be les出anI ml回C. 百児島cilityshould be 
mobile for measurement at variety of places. 
2.3 Antennas and mounting 
Table 1. D倍.ignedparametぽSofa国自mas.
An協maDiainetぽ
f7D ration of An倒ma
An臨ma句討回
G如1ofAn回mぉ
B儲 nWi剖1
Ar取盟国Separ油on
Dir宮治onof Antennas 
Polarization 
lm 
0.35 
C倍弱伊血
57 dBi 
0.18 degree 
1.4m 
Zeni也
1 Lini伺r
According with the requirements described above, we decided parameters of制 ennalisted in Table I [ 6]. 
2.4 I同nsmitterand Eでceivers舵tion
The block diagram of the transmitter and rぉeivers邸tionis shown in Fig.3 and par田netersare summ剖包edin
[ Block Di a抑 m
B.P.F:Band Pass Filter P.S:J>ower Splitter P.L.O:Phasc Look Oscillator 
｛送信信号と受信情号（遅延渡）の養分であるピート傭号を取得，保存している）
Fig.3. Block diagrain of批回nsmi防組dr悶 iversection. 
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Fig. 2.刈 signalsincluding白岡山由抗edFMζW話伊alat 95GHz and lo伺i企句uenciesare gener誠edfrom 
and/or児島汀edto two signal genぽatorsin 140恥畳王zrange, which are句国C胎unized伺cho血ぽ．
百1eint噂ated回nsmi加 s叫 onisshown加F沼.4. 百1eintψ誕edsys旬mh鎚恥enm伺却I吋on取はめ出ties
and sensitivities in laboraぬ，ries［η． Faciliti岱 forraぬrm開制rem釦ts,high銑訪日itiesof回nsmi位：edsi伊alsare 
nee郎関rytoob旬祖国efuldata We measured鋭めilityof the system. In ord釘白銀めdizet恥outputof the power 
ofthe刷 ismi他 g鴨川出e血1alpow1町ampl迫町あr蜘 1smittingsignal at 95GHz is cooled wi白aPeltier c刈er
tobe卸oond50 °c otherwise it g民怒筒hot錨90°c.
百1enoi鈎 figureof the pre-amplifier at 95GHz W回 m伺釦redto be around 5.5 dB. Long t切 n銃め証託iesand 
sens社ivitieswere m鰯ぽedandaregαxl enough for our問予O鈎．
Fig.4. 百1e住ansm治則叫onof血eおvel句edFM-CW radar. 
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3. FIRST OBSERVATIONAL RESULTS 
Simultaneous Obseivations with a pol舵 radarSPIDER 
After measurements of long-tenn stabilities, we made simultaneous obsぽvationswith a pulse radar named 
SPIDER shown in Fig. 5 of the Communications Res館 chLめorato.η，Jap紘 Comparisonbetween the developed 
FM-CW radar and SPIDER is summarized加Table2. We have to鮒ess白紙出eoutpt戎powぽ砿95GHz of 
SPIDER is 300仇lt加1eshigh町出組曲atofour FM-CW radar. An example ofresults is shown in Fig.6. We can 
recogn也ethat悶meclouds wぽedetected in bo也data.Th町eresults show that the radar has good pぽfonnanceto
det配tthin clouds. 
Fig.5. SPIDER：叩郎副arof出eCommunications Res鵠rchLめoraねry,Ja開n.
Tぬ，le2.Cαnparisonbetw倒 1悦 develo伊dFM-CW radar and SPIDER. 
F誠一CWRadar and SPIDER 
Purpose 
Obs.direction 
Type of radar 
Antenna 
Frequency 
a』tputPower 
仇JtYRate 
F誠司CWRadar 
Ground based obs. 
at Zenith 
FM-CW 
1 m x 2 antennae 
94. 78 GHz 
0.5 W 
Continuous 
Sensitivity (at 5km) -32 dBZ 
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SP I DER (CRL) 
Alrb円rnobs. 
。絢nwordto horizon 
Puls 
o‘4 tn x 1 antenna 
95.04僻tz
1600 W 
100-1000 
-35 dBZ 
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Fig.6 First ns山 of臨tme節団ementsof clo凶s.Measur抑制御崎d1 :30 JST on 2002 June 26fl a凶ω由nu吋
伽 7hou四． 官紀伊pbetw民n5叙吋6hoursお伺凶e.dbypu雌ng飢伽四七erofmillin鴎ぽwavein企0叫of血e
島e.dh倒 of血e岡部mittingm蜘 ma恥 canreco伊ize血e00伽mof the clouds in several htm命。dme凶 high
and clouds spread叩 toaround 3 km high. 
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